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a  b  s  t  r  a  c  t

We  report  the  optical  constants  of graphene  oxide  and  reduced  graphene  oxide  determined  by  spectro-
scopic  ellipsometry.  The  dynamic  changes  in  optical  properties  and  thickness  of  a drop-cast  graphene
oxide  layer  during  reduction  by long-term  exposure  to focused  broad-band  white  light  are  monitored  in
situ.  The  anisotropic  optical  constants  of  the  graphene  oxide  layer  and  the  isotropically  averaged  optical
constants  of  the reduced  layer  are  precisely  determined  from  a multiple-location  analysis  of  spatially
resolved  data  across  the  exposed  location  and a multiple-time-step  analysis  of  the  dynamic  data,  respec-
eywords:
raphene oxide
educed graphene oxide
ew-layer graphene
pectroscopic ellipsometry
ptical constants

tively.  Observed  inter-band  transitions  in the  graphene  oxide  layer  are  discussed  in relation  to  theoretical
predictions  for  different  coverage  levels  of  the  graphene  oxide  sheets  with  oxygen  containing  functional
groups.  The  derived  optical  constants  of  the  reduced  graphene  oxide  layer  are compared  to reported
values  of graphene  and  thermally  reduced  graphene  oxide.

©  2017  Elsevier  B.V.  All  rights  reserved.
. Introduction

Local reduction of graphene oxide (GO) presents a potential
oute for fabrication of graphene-based electronic devices and fill-
ng of gaps in device structures with graphene [1,2]. GO consists
f oxidized graphene sheets decorated with epoxy, hydroxyl, car-
onyl, and other oxygen containing functional groups [3–5] and is
herefore water-soluble and suitable for various deposition strate-
ies [3]. Several methods to produce GO by oxidative treatment
f graphite were developed [6–8]. The oxygen groups break the
p2-bond network of the graphene sheets and convert the material
rom a conducting to an insulating state. Reduction of the GO layers
estores the electronic properties of graphene. Partial reduction and
xposure to certain chemicals allows control of optical properties,
and gap, and conductivity of the material [1,9–12]. The most com-
on routes for reduction of GO are chemical [1,4,13] and thermal

reatment [14–16]. Alternative approaches using electrochemistry

nd electric fields have been reported [17,18]. Reduction by expo-
ure to light opened up a pathway to locally induce the insulator to
onductor transition by standard lithographic processes [19–23].

∗ Corresponding author.
E-mail address: capasso@seas.harvard.edu (F. Capasso).

ttp://dx.doi.org/10.1016/j.apsusc.2017.01.035
169-4332/© 2017 Elsevier B.V. All rights reserved.
In this case, the deoxygenation reaction is caused by light absorp-
tion and the resulting temperature increase. A review of fabrication,
reduction mechanisms, and defect healing methods can be found
in Ref. [24].

The transition between the insulating GO and conducting
graphene state is accompanied by a change in the optical prop-
erties of the material. Spectroscopic ellipsometry (SE) has been
applied to study the optical constants of graphite [25], exfoli-
ated graphene flakes [13,25,26], chemical vapor deposition grown
graphene [27–29], epitaxial graphene on SiC [30–32], and few-layer
graphene [33,34]. The obtained optical constants were explained
by theoretical band structure calculations and accounting for exci-
tonic contributions [25,35,36]. Comparison of the derived optical
constants shows slight variations in dependence of the prepara-
tion method due to interactions between the graphene sheets and
the underlying substrate structure as well as between multiple
graphene layers. The band structure and thus optical properties of
GO depend on the oxygen group coverage and are harder to predict
than for graphene or graphite [11,12]. Consequently, the optical
properties of the reduced GO (r-GO) vary between the different

reduction methods depending on residual oxygen group coverage
and defects within the carbon sheets. However, knowledge of the
optical properties is essential for process monitoring in an indus-
trial environment and comparison of theoretical predictions with

dx.doi.org/10.1016/j.apsusc.2017.01.035
http://www.sciencedirect.com/science/journal/01694332
http://www.elsevier.com/locate/apsusc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.apsusc.2017.01.035&domain=pdf
mailto:capasso@seas.harvard.edu
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xperimental results. The optical properties of thick as well as few-
ayer GO and thermally reduced r-GO were studied over a limited
pectral range using imaging SE [14]. The optical properties of few-
ayer GO and chemically reduced r-GO were characterized by SE
10], however, unreasonably high values for the optical constants
f GO and r-GO were reported in that publication.

In this work, we report the optical properties of GO and r-GO
s determined by spectroscopic ellipsometry over a wide spectral
ange. The anisotropic optical properties of thick drop-cast GO are
recisely determined in a multiple-location analysis making use
f the varied film thickness across the sample between 1500 nm
nd 2500 nm.  A parameterized oscillator model is derived in order
o compare observed absorption features with theoretically pre-
icted inter-band transition energies for different coverage levels
f the GO sheets with oxygen-containing functional groups. Long-
erm exposure of the sample to the focused broad-band white-light
eam of the ellipsometer causes the reduction of the GO. The
ariation of the sample properties is monitored in situ. The simulta-
eous analysis of multiple time steps during the reduction process
multiple-time-step analysis) allows the accurate characterization
f the isotropically averaged optical properties of r-GO and the layer
hickness in dependence of the exposure duration. The obtained
ptical constants are compared to literature values for graphene
nd thermally reduced r-GO.

. Experiment

A suspension of GO in water was prepared by applying the Hum-
ers method to nanocrystalline graphite (graphene nanoplatelets)

ccording to a procedure described in literature [37]. The details are
utlined in Ref. [21]. A thick GO film was prepared by drop casting
he GO suspension on a thick SiO2 film on Si substrates with sub-
equent exposure to air until water evaporation was completed.
ourier-transform infrared spectroscopy revealed that hydroxyl
nd carbonyl groups are the dominant species of oxygen containing
roups in the GO films [21]. SE measurements were performed over
he spectral range between 193 nm and 1690 nm on a J.A. Woollam

-2000 spectroscopic ellipsometer. This instrument uses a combi-
ation of a quartz tungsten halogen lamp and a deuterium lamp to
rovide a broad-band white light beam over the respective spec-
ral range. Focusing probes were used to reduce the beam diameter
o 300 �m at the sample surface. For the long-term exposure
xperiment, the white light beam was directed onto the sample
urface under an angle of incidence of 65◦ for about 20 h while data
as taken continuously. Subsequently, spatially resolved data was

btained at angles of incidence of 55◦ and 65◦ around the exposed
ocation on an area of 4 mm × 4 mm.

. Theory

The materials investigated here are either optically isotropic or
niaxial with optical axis oriented parallel to the surface normal. In
his situation, no mode conversion of light polarized parallel (p) to
olarization perpendicular (s) to the plane of incidence or vice versa
ccurs and the standard ellipsometry formalism can be applied
38]. The standard ellipsometric parameters � and � are defined
y the ratio � of the complex valued Fresnel reflection coefficients

 = r̃p

r̃s
= tan � · exp(i�). (1)

he SE data was analyzed by setting up a layer-stack model in
he CompleteEASE analysis software including the Si substrate,

he thick SiO2 layer, the GO layer, and the r-GO layer. The light
ropagation within the entire sample stack is calculated using a

 × 4 transfer matrix algorithm for multi-layer systems with plane-
arallel interfaces similar to the formalism derived by Berreman
cience 421 (2017) 778–782 779

[39]. A regression analysis (Levenberg-Marquardt algorithm) is per-
formed where model parameters are varied until calculated and
experimental data match as close as possible [40].

In order to perform the transfer matrix algorithm, the dielectric
function tensor components of each sample constituent are needed
as input. For a uniaxial material the dielectric function tensor is
given in diagonal form

ε =

⎛
⎜⎝

ε⊥ 0 0

0 ε⊥ 0

0 0 ε‖

⎞
⎟⎠ , (2)

with two independent components ε⊥ and ε‖ where “⊥” and “‖”
denote polarization perpendicular and parallel to the sample sur-
face normal, respectively. For optically isotropic materials, this
tensor reduces to a complex scalar function ε which is related
to the complex refractive index ñ = n + ik by ε = ñ2, where n is
the refractive index and k is the extinction coefficient. The dielec-
tric function tensor components can be given as tabulated values
for each photon energy, as interpolation functions of certain node
spacing (B-splines [41]), or can be modeled themselves by using
parameterized, energy-dependent algebraic functions, the model
dielectric functions (MDF) [40]. These MDF  describe a specific
physical process in the material such as an electronic inter-band
transition and are combined in order to render the overall spectral
shape of a material’s dielectric function.

The isotropic dielectric function of the Si substrate was adopted
from the database without further modification [42]. The refractive
index of the SiO2 layer was modeled using the Cauchy dispersion
relation for transparent materials, n = A + B/�2 + C/�4 − D�2, where �
is the wavelength of the probing light beam. The optical constants of
the GO layer were initially modeled using B-spline functions which
were then used as reference for a parameterized MDF  approach
applying Gaussian and Lorentzian oscillator functions [40]. The
r-GO optical constants were modeled using B-splines. A surface
roughness layer was  included in the model analysis which was
modeled according to the Bruggeman effective medium approxi-
mation as a 50:50 mixture of void and GO [40].

4. Results and discussion

The optical constants of the thick SiO2 were determined from a
multi-sample analysis of four different measurements performed
on an uncoated area of sample. The thickness for each measurement
spot, the surface roughness, a non-uniformity parameter, and the
Cauchy parameters were included in the regression analysis. The
obtained optical constants were then fixed and adopted for analysis
of the GO samples without further modification.

In order to determine the optical constants of the drop-cast GO,
a multi-sample analysis with two  different angles of incidence was
performed for nine different locations selected from a larger data
map. A representative data set for a single measurement location
is shown in Fig. 1.

The data set is dominated by thickness interference oscillations
within the thick SiO2 layer and the GO layer indicating a mostly
transparent spectral region for the GO above 600 nm.  The onset
of stronger absorption within the GO layer towards shorter wave-
lengths appears as dampening and vanishing of the amplitude of
these oscillations.

An anisotropic dielectric function tensor model had to be
applied in order to match experimental and model data. Gener-

alized ellipsometry measurements for multiple in-plane sample
orientations did not indicate any in-plane anisotropy. Therefore,
a dielectric function tensor with optical axes oriented along the
sample surface normal was  assumed. For high-index materials with
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Fig. 1. Experimental (solid) and best-match model data (dashed) of the ellipsomet-
ric parameters � (red) and � (green) for GO at a single measurement location. The
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Fig. 3. Best-match model derived optical constants of GO using a set of MDF. Real
est-match model data for a multi-sample analysis assuming a uniaxial dielectric
unction tensor model with optical axes parallel to the sample surface normal is
hown.

his optical axis orientation, very limited sensitivity to the out-of-
lane optical constants (parallel to the sample surface normal) is
xpected [43]. Implying a similar shape of the in-plane and out-
f-plane optical constants compared to graphite [25], ε‖ = ñ2

z is
xpected to be smooth without strong absorption over the entire
easured spectral range. A Kramers–Kronig consistent B-spline

ayer with a wide node spacing of 1 eV was applied in order to model
he respective dielectric function tensor component. The in-plane
ielectric function tensor component ε⊥ = ñ2

x was modeled using
 Kramers–Kronig consistent B-spline layer with a node spacing of
.3 eV.

The thickness for each measurement spot, the surface rough-
ess, a thickness non-uniformity parameter, and the B-spline nodes
escribing the imaginary part of the dielectric function tensor ele-
ents as well as constant offsets to the real parts of the dielectric

unction tensor elements were included in the regression analysis.
he thickness non-uniformity parameter was included along with
he angular spread and bandwidth of the detector array which were
oth fixed to nominal system parameters in order to account for
epolarization effects. Measured depolarization data was  analyzed
long with the standard SE data to avoid systematic errors of the
eported parameters and optical constants due to those effects.

The anisotropic model resulted in excellent match between
xperimental and model data which indicates a preferential ori-
ntation of GO sheets parallel to the sample surface in our
rop-cast films. Film thicknesses between 1500 nm and 2500 nm
ere determined for the selected measurement spots. Thick-
ess non-uniformity parameter values between 0% and 2.5% were

bserved. The obtained optical constants (Fig. 2) mimic the line
hape for graphite and graphene, but with reduced refractive
ndex and extinction coefficient magnitude. The extra-ordinary

ig. 2. Best-match model derived optical constants of GO using a B-spline set of
ptical constants. The ordinary (ñx) and extra-ordinary (ñz) complex refractive index

˜ = n + ik is shown as a function of wavelength �.
(ε1) and imaginary part (ε2) of the dielectric function tensor components ε⊥ and ε‖
are shown as a function of photon energy. The individual oscillators forming ε2,⊥ are
indicated by dotted lines.

refractive index component ñz shows a broad absorption which
increases towards shorter wavelengths but without any peaks in
the measured spectral range. Compared to graphene or graphite the
ordinary refractive index component ñx (ε⊥ = ñ2

x ) shows additional
absorption peaks at lower energies compared to the van-Hove sin-
gularity which describes the inter-band transition between the �
and �* band at the M-point of the graphene Brillouin zone [25].

In order to determine the position of the inter-band transitions
in the GO layer, an MDF  approach using a set of Gaussian and
Lorentzian oscillators was chosen to match the B-spline optical
constants. Three Gaussian oscillators within the measured spectral
range and one Gaussian oscillator fixed at 6.5 eV describing strong
absorption at higher photon energies outside the measured spectral
range were combined to match the strong absorption features in ñx.
An additional broad Lorentzian oscillator was included to describe
the broad absorption in the NIR spectral range. The broad absorp-
tion feature in ñz was matched using a single Lorentzian oscillator
which was allowed to float to higher energies outside the measured
spectral range. For both refractive index components, constant off-
sets to the real part of the dielectric function and a pole function
to account for dispersion due to higher energy absorption outside
the measured spectral range were included. The regression analysis
was repeated with the replaced optical constants set. The result-
ing best-match model derived optical constants in terms of the
dielectric function tensor components in dependence of the pho-
ton energy are presented in Fig. 3 and the obtained parameter set
is summarized in Table 1.

Clearly separated absorption peaks in ε2,⊥ appear at 5.31 eV,
4.15 eV, and 2.59 eV. A broad absorption peak at 1.88 eV has to be
included in order to match the broad absorption feature in the NIR

spectral range. Theoretical predictions by Johari and Shenoy [12]
and by Boukhvalov et al. [11] suggest that the coverage level of the
GO sheets with hydroxyl, epoxy, and carbonyl groups determines
the energetic position of the � → �* transition in GO. However,

Table 1
Summary of the best-matching model parameters obtained from the regression
analysis for the parameterized GO model resulting in the optical constants shown in
Fig. 3 with A denoting amplitude parameters, B broadening, and E center energies.

Type A B (eV) E (eV)

ε⊥ Lorentz 0.09 ± 0.01 3.15 ± 0.17 1.90 ± 0.05
Gauss 0.10 ± 0.01 0.87 ± 0.06 2.59 ± 0.04
Gauss 0.53 ± 0.03 1.50 ± 0.16 4.15 ± 0.09
Gauss 0.88 ± 0.08 1.02 ± 0.08 5.31 ± 0.03
Gauss 1.11 ± 0.26 1.96 ± 0.33 6.5
Pole 13.6 ± 1.8 7.55 ± 0.61
ε∞ 2.18 ± 0.07

ε‖ Lorentz 0.79 ± 0.27 4.09 ± 0.75 6.90 ± 0.67
ε∞ 1.88 ± 0.23
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Fig. 4. Experimental (solid) and best-match model data (dashed) of the ellipso-
metric parameters � (red) and � (green) for the GO sample after 20 h exposure
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absorption towards long wavelengths indicating the conductive
o  broad-band white light. The best-match model data for a multiple-time-step
nalysis assuming an isotropic dielectric function tensor model is shown.

ertain distinct coverage levels are energetically favorable. Those
onfigurations are illustrated in Refs. [11,12]. If epoxy and hydroxyl
roups are present at the same time, a mixed coverage between
5% and 75% is energetically favorable [11]. In this case, both the-
retical studies predict a strongly reduced energy for the � → �*

ransition. Boukhvalov et al. predict an optical gap of 1.8 eV for
 50% coverage with epoxy and hydroxyl groups, and 2.3 eV for
5% coverage. For the same coverage level, Johari and Shenoy pre-
ict transition energies of 1.2 eV and 3.4 eV, respectively. For the
ure case of coverage with only hydroxyl groups, Boukhvalov et al.
redict optical gaps of 1.8 eV and 2.1 eV. It needs to be mentioned
hat both studies underestimate the � → �* transition energy of
ristine graphene. Since FTIR studies mainly identified the pres-
nce of hydroxyl and carbonyl groups in our samples, most likely
he transition energies at 1.88 eV and 2.59 eV in our sample can
e assigned to the presence of GO sheets with coverage levels of
ydroxyl groups between 50% and 75% [44]. Johari and Shenoy fur-
her studied the influence of the presence of carbonyl groups on
he GO sheets. A linear decrease of the optical gap with increasing
xygen-to-carbon ratio from 4 eV to 0.3 eV for ratios between 0%
nd 37.5% are predicted. Considering the rescaling of the pristine
raphene energy gap, we can assign the absorption peak at 4.15 eV
n our sample to the presence of GO sheets with carbonyl groups
esulting in oxygen-to-carbon ratios of at least 20%. Eda et al. also
bserved an absorption feature at 4.1 eV in optical absorption spec-
ra of GO which was assigned to the presence of carbonyl groups
45]. The authors further observed strong absorption correspond-
ng to the � → �* at 4.5–5.5 eV. Our observed absorption peak at
.31 eV falls in that range. Shen et al. assigned this transition to a

ow-energy plasma transition, however, in an optical experiment
lasma excitation is not possible. It is therefore likely that this tran-
ition is either related to the presence of GO sheets with carbonyl
roups resulting in low oxygen-to-carbon ratios or the presence
f GO sheets completely oxidized with epoxy or hydroxyl groups,
hich was predicted by Johari and Shenoy to result in optical gaps

arger than the pristine graphene � → �* transition.
The reduction of the GO by exposure to broad-band white light

as monitored in situ using the ellipsometer beam as the light
ource. Compared to the initial data obtained on the pristine GO
Fig. 1), the data set after 20 h of exposure (Fig. 4) shows an overall
pward shift of the � values and a decrease of the amplitude of the
scillation pattern in � which indicates the formation of a surface
ayer with strong absorption over the entire measured spectral
ange. Note, that the reduction rate of GO for exposure to the rel-
tively low-intensity white-light ellipsometer beam is very small

ompared to the measurement time of only 3 s (see discussion
elow). Thus, the individual measurements for the mapping data
btained on the GO sample discussed above were not significantly
Fig. 5. Comparison of the obtained optical constants for r-GO to literature data of
graphene and thermally reduced r-GO. The complex refractive ñ = n + ik is shown
for  this work and data obtained from Refs. [10,14,25].

influenced by formation of a r-GO layer as confirmed by refitting
the mapping data with a model in which the r-GO layer was
included but resulted in vanishing thicknesses of that layer.

The simultaneous analysis of multiple time steps during the
reduction process, under the assumption of equivalent optical
properties while only the thickness of the reduced layer changes
versus time, allows the precise determination of the layer opti-
cal properties even at very thin film thicknesses. An optical model
assuming isotropic optical properties for the r-GO layer was applied
to analyze single angle of incidence data of 20 time slices simulta-
neously. The graphene-like line shape of the r-GO optical constants
was best matched using a B-spline approach. Additional model
parameters varied during the regression analysis included the
thickness of the GO and r-GO layers.

The best-match model result indicates a decrease of the GO
thickness due to reduction from initially 1926.3 nm to 1828.1 nm
within the 20 h of exposure while the r-GO layer thickness
increased from 0 nm to 36.4 nm.  The ratio between GO layer thick-
ness decrease and r-GO layer thickness increase is about 2.7 while
the ratio between the reported thickness of a single GO layer of
1 nm [3,5] and a single graphene sheet of 0.34 [25,26] is about 2.9
which might imply that not all functional groups were removed
from the GO sheets during the reduction process, however, one
should keep in mind that the thickness values reported here were
determined with high precision and small correlation between
thickness parameter values and optical constants since multiple
time-slice data on many layers of GO and r-GO was  investigated
while the reported thicknesses for single-layer GO and graphene
are likely not known as precisely.

The obtained optical constants for r-GO are shown in Fig. 5
in comparison to literature values for graphene and thermally
reduced r-GO. The line shape of n and k clearly resembles the
optical constants for graphene as reported in Ref. [25] with strong
nature of the material and a single strong van-Hove singularity at
about 250 nm.  However, offsets compared to the graphene optical
constants are observed. The values of the extinction coefficient k
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s within the range of the values reported by Jung et al. for a stack
f thermally reduced r-GO and single-/multilayer r-GO and the
ata reported by Shen et al. Nonetheless, our k values obtained
or a multiple-time-step analysis of in situ data should be less
nfluenced by correlation issues between thickness and optical
onstants than previously reported data and the line shape of the
xtracted optical constants appears more physically reasonable
han for the previous reports. Our values of the refractive index n
re found to be slightly lower than the values reported by others.
otential reasons might be an incomplete reduction of the GO
heets as indicated by the variation in the thickness discussed
bove and the potential incorporation of water between the sheets
s suggested by other authors [14]. FTIR data obtained on samples
xposed to green cw laser radiation for 15 min  suggested the com-
lete removal of hydroxyl groups while signatures of the carbonyl
roups were still to be found in the data [21], which agrees with
he shift of the highest energy transition in our data from 5.31 eV
o 4.95 eV and the vanishing of the low energy absorption peaks.
his result can be expected since carbonyl groups are bonded
o the GO sheets by sp2 hybridized bonds while hydroxyl and
poxy groups are bonded more weakly to sp3 hybridized carbon
toms [12].

. Conclusions

The anisotropic optical constants of GO were precisely deter-
ined from a multi-sample analysis of data obtained from a

hick drop-cast layer. Uniaxial optical properties with optical axes
riented parallel to the sample surface normal were observed, indi-
ating a preferential orientation of the GO sheets in the drop-cast
ample parallel to the sample surface. An MDF  model was derived in
rder to extract the energetic position of inter-band transitions in
he GO layer due to the presence of oxygen containing groups. The
bserved transition energies were compared to theoretical predic-
ions for specific coverage levels of the GO sheets with hydroxyl and
arbonyl groups, which were found to be the dominant functional
roups in our films by FTIR. The focused broad-band white-light
eam of the ellipsometer was used in order to reduce the GO

ayer in a long-term exposure experiment while in situ data was
btained. A multiple-time-step analysis was performed in order to
recisely determine the isotropically averaged optical constants of
he reduced layer. A line-shape of the r-GO optical constants simi-
ar to graphene is observed, however, offsets in n and k are present.
he observed ratio between the GO thickness decrease and the r-
O thickness increase as well as offsets of the optical constants
ompared to reported values for graphene suggest an incomplete
eduction of our r-GO film which is in agreement with FTIR results.
he obtained optical constants of the r-GO layer are comparable
o previously reported values for r-GO, but the data presented in
his work covers a wider spectral range, physically more reason-
ble line shapes were determined, and the simultaneous analysis
f multiple-time-step data is expected to be less influenced by cor-
elation effects between layer thickness and optical constants than
or previous work on very thin films.
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Z.L. Petrović, R. Kostić, R. Gajić, et al., J. Nanophoton. 5 (2011) 051809.
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Marković,  R. Gajić, Phys. Scr. 2012 (2012) 014069.

36] D.-H. Chae, T. Utikal, S. Weisenburger, H. Giessen, K.V. Klitzing, M.  Lippitz, J.
Smet, Nano Lett. 11 (2011) 1379–1382.

37] G. Carotenuto, V. Romeo, S. De Nicola, L. Nicolais, Nanoscale Res. Lett. 8 (2013)
1–6.

38] M.  Schubert, in: E.A. Irene, H.G. Tompkins (Eds.), Handbook of Ellipsometry,
William Andrew Publishing, 2004.

39] D.W. Berreman, J. Opt. Soc. Am.  62 (1972) 502.
40] H. Fujiwara, Spectroscopic Ellipsometry: Principles and Applications, John

Wiley & Sons Ltd., 2007.
41] B. Johs, J.S. Hale, Phys. Status Solidi A 205 (2008) 715–719.
42] C. Herzinger, B. Johs, W.  McGahan, J. Woollam, W.  Paulson, J. Appl. Phys. 83

(1998) 3323–3336.
43] D. Aspnes, JOSA 70 (1980) 1275–1277.

44] Note: the amplitude of the observed absorption peaks is not necessarily an

indication for the fraction of sheets with certain coverage in our samples,
since the absorption strength is determined by the joint density of states
between � and �* band, which will differ for the different oxidation states.

45] G. Eda, M.  Chhowalla, Adv. Mater. 22 (2010) 2392–2415.

http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0005
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0005
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0005
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0005
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0005
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0005
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0005
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0005
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0005
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0005
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0005
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0005
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0005
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0005
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0005
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0005
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0005
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0005
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0010
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0010
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0010
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0010
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0010
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0010
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0010
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0010
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0010
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0010
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0010
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0010
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0010
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0015
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0015
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0015
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0015
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0015
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0015
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0015
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0015
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0015
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0015
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0015
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0015
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0015
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0015
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0015
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0015
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0015
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0015
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0015
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0015
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0020
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0020
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0020
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0020
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0020
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0020
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0020
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0020
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0020
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0020
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0020
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0020
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0020
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0020
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0020
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0020
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0020
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0020
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0020
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0020
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0020
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0020
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0020
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0020
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0025
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0030
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0030
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0030
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0030
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0030
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0030
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0030
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0030
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0030
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0030
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0030
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0030
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0035
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0035
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0035
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0035
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0035
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0035
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0035
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0035
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0035
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0035
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0035
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0035
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0035
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0035
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0040
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0040
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0040
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0040
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0040
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0040
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0040
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0040
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0040
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0040
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0040
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0045
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0045
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0045
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0045
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0045
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0045
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0045
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0045
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0045
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0045
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0045
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0045
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0045
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0045
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0045
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0050
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0050
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0050
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0050
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0050
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0050
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0050
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0050
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0050
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0050
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0050
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0050
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0050
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0050
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0050
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0050
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0050
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0050
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0050
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0050
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0050
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0050
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0055
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0055
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0055
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0055
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0055
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0055
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0055
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0055
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0055
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0055
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0055
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0055
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0055
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0060
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0060
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0060
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0060
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0060
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0060
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0060
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0060
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0060
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0060
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0060
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0065
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0065
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0065
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0065
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0065
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0065
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0065
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0065
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0065
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0065
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0065
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0065
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0065
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0065
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0065
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0065
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0065
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0065
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0065
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0065
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0070
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0075
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0075
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0075
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0075
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0075
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0075
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0075
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0075
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0075
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0075
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0075
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0075
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0075
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0075
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0075
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0075
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0075
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0075
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0075
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0075
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0080
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0080
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0080
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0080
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0080
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0080
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0080
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0080
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0080
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0080
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0080
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0085
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0085
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0085
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0085
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0085
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0085
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0085
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0085
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0085
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0085
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0085
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0085
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0085
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0085
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0085
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0085
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0090
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0090
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0090
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0090
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0090
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0090
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0090
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0090
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0090
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0090
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0090
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0090
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0090
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0090
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0090
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0090
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0090
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0090
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0090
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0090
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0090
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0095
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0095
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0095
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0095
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0095
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0095
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0095
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0095
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0095
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0095
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0095
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0095
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0095
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0095
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0095
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0100
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0100
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0100
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0100
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0100
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0100
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0100
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0100
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0100
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0100
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0100
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0100
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0100
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0100
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0105
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0105
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0105
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0105
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0105
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0105
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0105
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0105
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0105
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0105
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0105
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0105
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0105
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0105
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0105
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0105
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0105
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0105
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0105
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0110
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0110
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0110
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0110
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0110
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0110
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0110
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0110
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0110
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0110
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0110
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0110
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0110
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0110
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0110
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0115
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0115
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0115
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0115
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0115
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0115
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0115
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0115
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0115
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0115
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0115
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0115
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0115
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0115
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0115
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0115
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0115
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0115
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0115
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0115
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0115
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0120
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0120
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0120
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0120
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0120
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0120
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0120
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0120
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0120
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0120
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0125
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0125
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0125
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0125
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0125
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0125
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0125
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0125
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0125
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0125
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0125
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0125
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0125
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0125
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0125
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0125
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0125
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0125
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0125
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0125
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0130
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0130
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0130
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0130
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0130
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0130
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0130
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0130
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0130
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0130
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0130
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0130
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0130
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0130
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0135
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0135
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0135
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0135
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0135
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0135
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0135
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0135
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0135
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0135
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0135
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0135
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0135
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0135
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0135
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0135
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0135
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0140
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0140
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0140
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0140
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0140
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0140
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0140
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0140
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0140
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0140
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0140
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0140
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0140
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0140
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0140
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0140
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0140
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0140
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0145
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0145
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0145
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0145
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0145
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0145
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0145
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0145
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0145
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0145
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0145
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0145
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0145
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0145
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0145
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0145
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0145
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0145
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0145
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0145
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0145
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0145
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0145
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0145
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0150
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0150
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0150
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0150
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0150
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0150
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0150
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0150
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0150
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0150
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0150
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0150
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0150
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0150
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0150
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0150
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0155
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0155
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0155
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0155
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0155
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0155
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0155
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0155
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0155
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0155
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0155
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0155
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0155
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0155
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0155
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0155
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0155
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0155
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0155
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0155
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0155
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0155
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0155
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0155
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0160
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0165
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0165
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0165
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0165
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0165
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0165
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0165
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0165
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0165
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0165
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0165
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0165
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0165
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0165
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0165
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0165
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0165
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0165
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0165
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0165
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0170
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0175
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0180
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0180
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0180
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0180
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0180
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0180
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0180
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0180
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0180
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0180
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0180
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0180
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0180
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0180
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0180
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0180
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0180
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0180
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0180
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0180
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0180
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0185
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0185
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0185
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0185
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0185
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0185
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0185
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0185
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0185
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0185
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0185
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0185
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0185
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0185
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0185
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0185
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0185
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0190
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0190
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0190
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0190
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0190
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0190
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0190
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0190
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0190
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0190
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0190
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0190
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0190
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0190
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0190
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0195
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0195
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0195
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0195
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0195
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0195
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0195
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0195
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0195
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0200
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0200
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0200
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0200
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0200
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0200
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0200
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0200
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0200
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0200
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0200
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0200
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0200
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0205
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0205
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0205
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0205
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0205
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0205
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0205
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0205
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0205
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0205
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0205
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0205
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0205
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0210
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0210
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0210
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0210
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0210
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0210
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0210
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0210
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0210
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0210
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0210
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0210
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0210
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0210
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0210
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0210
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0210
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0210
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0215
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0215
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0215
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0215
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0215
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0215
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0215
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0215
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0225
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0225
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0225
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0225
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0225
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0225
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0225
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0225
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0225
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0225
http://refhub.elsevier.com/S0169-4332(17)30035-1/sbref0225

	Optical properties of graphene oxide and reduced graphene oxide determined by spectroscopic ellipsometry
	1 Introduction
	2 Experiment
	3 Theory
	4 Results and discussion
	5 Conclusions
	References


